The aim of the study was to determine the effect of dietary supplementation of organic acids on the performance, gut health and carcass characteristics of broiler chicken. Results indicated that the birds fed diets supplemented with organic acids showed significantly (p<0.05) higher body weight gains and feed conversion ratio. Maximum improvement was achieved in the group fed 3% fumaric acid in the diet. Differences in the cumulative feed consumption were non-significant (p>0.05) among all the treatment groups. Addition of organic acids in broiler diets increased the villus height in all the segments of small intestines but the differences were non-significant (p>0.05) in case of ileum. No effect (p>0.05) on carcass characteristics was observed among all treatments except for length and weight of small intestines which were significantly (p<0.05) increased in the groups fed supplemental organic acids.
INTRODUCTION
High levels of production and efficient feed conversion are the need of the modern broiler industry which to a certain extent could be achieved by the use of specific feed additives. Antibiotic growth promoters and antibiotic resistance are clearly connected and increased concern about the potential for antibiotic resistant strains of bacteria has compelled the researchers to use other non therapeutic alternatives like organic acids, enzymes, probiotics, prebiotics, herbs, essential oils, immunostimulants as feed additives in poultry production. Among these organic acids have showed some potential in this regard in broiler chicken and constitute an important component of modern feeding practices. The nondissociated (non-ionised, more lipophilic) organic acids can penetrate the bacteria cell wall and disrupt the normal physiology of certain types of bacteria [4] . Organic acid supplementation have been reported to decrease colonization of pathogens and production of toxic metabolites, improve digestibility of protein and minerals like Ca, P, Mg and Zn and also serve as substrates in the intermediary metabolism [11] . Dietary supplementation of organic acids increases the body weight and feed conversion ratio in broiler chicken [21] and reduces colonization of pathogens on the intestinal wall, thus preventing damage to the epithelial cells [12] . As against antibiotics, organic acids have properties of lowering chyme pH and consequently enhancing protein digestion [6] . The objectives of the present study were to determine the effect of organic acids supplementation on the performance, gut health and carcass characteristics of broiler chicken.
MATERIALS AND METHODS
An experiment with 315 Cobb broiler chicken was conducted up to 42 days of age. At 7 days, birds were individually weighed and randomly assigned into seven groups having three replicates of 15 chicks each. The chicks were placed in battery cages. The temperature was gradually reduced from 32 to 20 0 C on day 42. The chicks were maintained on a 24 hours consistent lighting schedule. Fresh feed and water were provided daily and were available ad libitum. The feeding programme consisted of a starter diet until 21 days and a finisher diet until 42 days of age. Birds in the control group were given diets without additives (T 1 ). The ingredients and composition of the control diet are listed in Table 1 . The chemical analysis was done as per AOAC [1] . The other six treatment groups were given the same diets as fed to the control groups, but supplemented with 2% butyric acid (T 2 ), 3% butyric acid (T 4 ), 2% fumaric acid (T 4 ), 3% fumaric acid (T 5 ), 2% lactic acid (T 6 ) and 3% lactic acid (T 7 ). All diets for each period were prepared with the same batch of ingredients and all diets within a period had the same composition.
The chickens were individually weighed weekly and body weight gain was worked out. Weekly feed intake per replicate was measured throughout the experiment and feed conversion ratio (FCR) on weekly basis per replicate was calculated. For histopathological analysis, tissue samples from the duodenum, jejunum and ileum were collected from slaughtered birds and fixed in 10 % buffered formalin saline. Tissues were dehydrated by immersing through a series of alcohols of increasing concentrations (from 70% to absolute), infiltrated with xylene and embedded in paraffin. A microtome was used to make cuts of 5μm which were mounted on glass slides and stained with hematoxylin-eosin. The values were measured using a light microscope. At the end of experimental trial, six birds per treatment group were randomly taken for slaughtering. Birds were fasted for 12 hours and individually weighed before and after slaughtering. After scalding, feather picking and evisceration were performed and different body parts and organs were weighed. The data obtained were statistically expressed as means ± standard error and assessed by analysis of variance (ANOVA) through General Linear Model procedure of SPSS software [22] . Duncan's multiple range test [5] was used to test the significance of difference between means. Differences were considered significant at p≤0.05.
RESULTS AND DISCUSSION
Birds fed the diets supplemented with organic acids attained higher (p<0.05) body weight gains compared to unsupplemented group (Table 2) . Highest body weight gains were achieved in the birds fed 3% fumaric acid in the diet. These results are in harmony with the other workers [9, 26, 8, 14] who reported that supplementation of organic acids in broiler chicken improved the body weight gain in broiler chicken. In the present study, the effect of dietary organic acids on body weight gain was highly significant (p<0.05) from 3 to 6 weeks of age confirming earlier results of Senkoylu et al. [20] . The improvement in body weight gain might be due to direct antimicrobial effect of organic acids as reported by Ricke [18] that organic acids may affect the integrity of microbial cell membrane or cell macromolecules or interfere with nutrient transport and energy metabolism causing bactericidal effect. Gunal et al. [7] also reported that the use of organic acid mixture significantly decreased the total bacterial and gram negative bacterial counts in broiler chicken. Furthermore, organic acids supplementation has pH reducing properties in various gastro-intestinal segments of broiler chicken as was observed by Abdel-Fattah et al. [2] . The lowered pH is conducive for the growth of favourable bacteria simultaneously hampering the growth of pathogenic bacteria which grow at relatively higher pH. Together the direct antimicrobial and pH reducing properties of organic acids might have resulted in inhibition of intestinal bacteria leading to the reduced bacterial competition with the host for available nutrients and diminution in the level of toxic bacterial metabolites as a result of lessened bacterial fermentation resulting in the improvement of protein and energy digestibility, thereby ameliorating the weight gain and performance of broiler chicken. Moreover, the increased villus height in the small intestines, as was observed in the present study, has been related to a higher absorptive intestinal surface [13] which might have facilitated the nutrient absorption and boosted the growth promoting effect of organic acid supplementation.
The feed consumption was found statistically non-significant (p>0.05) among all the treatment groups ( Table  3) . These results are in agreement with Hernandez et al. [10] who found no difference in the cumulative feed consumption between the groups fed organic acids and the control group. However, Patten and Waldroup [15] and Pirgozliev et al. [17] found reduction in the feed consumption in the groups fed supplemental organic acids which they have associated with the strong taste associated with the organic acids which would have decreased the palatability of feed and reduced the feed intake but no such effect was observed in the present study. Chicks fed the diets supplemented with organic acids showed a significant (p<0.05) improvement in the FCR as against the chicks fed control diet (Table 4 ). The improvement in FCR could be possibly due to better utilization of nutrients resulting in increased body weight gain (Table 2) in the birds fed organic acids in the diet. These results are in concordance with the reports of earlier researchers [25, 19] who reported that dietary supplementation of organic acids improved the feed conversion ratio in broiler chicken.
Dietary supplementation of organic acids increased the villus height in duodenum, jejunum and ileum (Table 5) but the values were significant (p<0.05) only in duodenum and jejunum when compared with the control group. The increase in the villus height in different segments of the small intestine may be attributed to the fact that organic acids reduce the growth of many pathogenic or non-pathogenic intestinal bacteria, thereby decrease the intestinal colonization and infectious processes, ultimately reducing the inflammatory reactions at the intestinal mucosa, resulting in the improvement of villus height in the intestines of broiler chicken [13, 16] .
Slaughter characteristics of broiler chicken (Table 6 ) fed diets supplemented with organic acids showed no significant differences (p>0.05) between various treatments. These results are in agreement with Thirumeignanam et al. [24] who found no effect on the carcass characteristics of broiler chicken fed organic acid based diets. In the present study, it was observed that the chicks fed diets supplemented with organic acids had increased (p<0.
An inference could, thus, be drawn from the results of present study that dietary supplementation of organic acids improved the performance in terms of body weight and feed conversion ratio, thus may be incorporated in the diets of broiler chicken as growth promoters. [26] Yeo, J. and Kim, K., Effect of feeding diets containing an antibiotic, a probiotic or yucca extract on growth and intestinal urease activity in broiler chicks. Poult. Sci., (1997) 76: 381-385. Means within the same row with different superscripts are significantly different (P ≤ 0.05), C = control, BA= butyric acid, FA= fumaric acid and LA= lactic acid. 1.72a ± 0.06 1.55b ± 0.05 1.57b ± 0.02 1.53b ± 0.02 1.55b ± 0.04 1.56b ± 0.03 1.56b ± 0.03 1-5
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